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Cross Reference to Related Applications 

This application is a continuation-in-part patent application of the following pending U.S. patent 
applications: Human Esterase D, tts Uses and a Process of Purification, Serial No. 091,547, filed August 31, 
5 1987; Retinoblastoma Gene Cancer Suppressing and Regulator, Serial No. 108,748, filed October 15, 1987; 
and Products and Methods for Controlling the Suppression of the Neoplastic Phenotype, Serial No. 265,829, 
filed October 31, 1988; Methods of Cell Therapy, Serial No. 07/553,892, filed July 16, 1990; and Method for 
Producing Gene Protein Products, Serial No. 07/553,905, filed July 16, 1990. 

to Technical Field 



This invention relates in general to cell therapy and to methods for treating cells to suppress 
tumorigenesis. 

This invention was made with Government support under Grant No. EY05758 with the National Institute 
75 of Health, and the University of California. The Government has certain rights in this invention. 

Background Art 

Much of the focus of cancer research has been on the diagnosis and treatment of the condition. In 

20 recent years, because of advances in knowledge of biochemical processes at the cellular and subcellular 
levels, attention has been directed to methods, not only for diagnosing and treating cancer, but also for 
discovering a predisposition for cancer in the organism. 

In these studies, "cancer suppression" was originally defined by a loss of tumorigenicity observed in 
fusion cells made with tumor cells and normal fibroblasts, lymphocytes or keratinocytes. The effect was 

25 presumed to be mediated by dominant suppressive factors in normal cells. Evidence indicated that these 
factors were in part genetic since a correlation existed between suppression of tumorogenicity and the 
presence of certain chromosomes in fused cells. 

Another meaning for cancer suppressing genes arose in connection with genetic studies on certain 
childhood neoplasms and adult tumor syndromes. Genes contributing to the formation of these tumors 

30 appear to be oncogenic by loss of function, rather than activation, as with the classical oncogenes. 
Retinoblastoma, a childhood eye cancer, has provided the prototypic example. Refined cytogenic analysis 
and study of restriction fragment length polymorphisms (RFLPs) have suggested that retinoblastoma may 
result from a loss of a gene locus located in chromosome band 13q14. As referenced to the above 
referenced pending patent applications will disclose, significant advances have been made in the utilization 

35 of RB cDNA and RB protein not only in diagnosis and methods of treatment of RB-related tumors, but also 
in the elucidation of the cancer suppressor functions of other genes. Nevertheless, a significant need exists 
for appropriate methods for the therapeutic treatment of osteosarcoma, lung carcinoma, lymphomas and 
leukemias, which are not aminable to treatment by RB modalities. 

In view of the above, it would be highly desirable to have a method for specific therapeutic treatment, 

40 independent of RB modalities, for osteosarcomas, lung carcinomas, lymphomas and leukemias. Further, it 
would be highly desirable to have such methods which could be used in conjunction with RB cDNA and 
protein product for the treatment of various tumors. Of course, rt would be highly desirable to have such a 
therapeutic product which could be made in a purified state and which would be readily and effectively 
deliverable to a defective cell in a safe manner. 

45 

Disclosure of Invention 



It is a primary object of this invention to provide generally safe and specific therapeutic methods and 
products useful for controlling cancer suppression. It is a further object of this invention to provide products 
so and methods for controlling cancer suppression which are specific for suppression and eradication of 
cancer tumors and which utilize biotechnological methods and products. 

It is a still further object of the present invention to provide a pharmaceutical composition for 
therapeutically treating cancers wherein the composition is functional at the cellular and intracellular levels. 

It is yet still another object of the present invention to provide a pharmaceutical composition for treating 
55 conditions caused by defective, mutant or absent cancer suppressor genes wherein the active ingredient of 
the composition is a natural or synthetically produced product. 

The present invention provides a method for utilizing p53 cDNA, and p53 gene products, for the 
suppression of the neoplastic phenotype. 
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Brief Description of Drawings 

The above mentioned and other objects and features of this invention and the manner of attaining them 
will become apparent, and the invention itself will be best understood by reference to the following 
5 description of the embodiment of the invention in conjunction with the accompanying drawings, wherein: 
FIG. 1A is a diagrammatic representation of three human p53cDNAs; 

FIG. 1 B is a diagrammatic representation of the genomic organization of three p53 retroviruses; 
FIG. 2A is a chromatogram depicting expression of human p53 proteins in virus-producing cell lines; 
FIG. 2B is a chromatogram depicting hatf-life determination of human p53 in virus-producing lines by 
to pulse-chase labeling experiments; 

FIG. 3 depicts the expression of human p53 proteins in virus-infected Saos-2 cells; 
FIG. 4 is a chromatogram of p53B/T complex formation in Saos-2 cells; 
FIG. 5 depicts morphology in a culture of parental Saos-2 cells; 

FIG. 6A is a schematic representation of the doubling times of parental Saos-2 cells and virus-infected 
75 clones; 

FIG. 6B is a schematic representation of the saturation density of parental Saos-2 and EN clones; 

FIG. 7A is a Southern blot depicting the presence of a single integrated copy of Vp53E-Neo in p53EN-1 

cells; and 

FIG. 7B is a Southern blot depicting single, independently integrated copies of Vp53B-Hygro in p53EN- 
20 BH clones. 

Detailed Description of Figures 

In FIG. 1A, three human p53 cDNAs are diagrammed. The sequence reported by Lam and Crawford, 

25 Mol. Cell. Biol. 6, 1379-1385 (1986), here labelled as p53L, was derived by sequencing clones from human 
fetal liver cDNA and genomic libraries, and is considered to be wild-type. p53B is a cDNA clone derived 
from fetal brain RNA by the RT-PCR method which resulted in cloning of wild type p53 (p53B) cDNA as 
follows: about 15 ug of fetal brain RNA were mixed with 1.5 HQ of oligo (dT) primer and 60 units of avian 
myeloblastosis virus reverse transcriptase in cDNA buffer (50 mM Tris-HCI, pH 8.0. 80 mM KCI, 5 mM 

30 MgCI2, ImM each dATP, dGTP, dTTP, and dCTP). The reaction mixture was incubated for 90 min at 42* C. 
After reaction, RNA was degraded with 0.5N NaOH, and single-stranded cDNA was precipitated with 
ethanol. PCR amplification was carried out with one-tenth of the cDNA, 100 ng of each oligonucleotide 
primer (S'-TGCAAGCTTTCCACGACGGTGACACGCT-y and 5'-AGTGCAGGCCAACTTGTTCAGTGGA-3'), 
and 5U of Taq polymerase in PCR buffer {50 mM KCI, 10 mM Tris-HCI, pH 8.3, 1.5 mM MgCI2, and 

35 0.001% gelatin) for 40 cycles in a programmable heat block (Ericomp, San Diego, CA). Each cycle included 
denaturatipn at 93* C for 1 minute, reannealing at 62 *C for 60 seconds, and primer extention at 72 'C for 3 
minutes. PCR products were extracted with phenol and precipitated with ethanol. The precipitate was 
dissolved in KfeO and digested with restriction enzymes (Hind HI and Sma 1). The p53cDNA fragment was 
subcloned into virus vector to form Vp53B-Neo. Subcloned p53B was sequenced by using the dideoxy 

40 chain termination method (F. Sanger, S. Nicklen, A.R. Coulsen, Proa Natl. Acad. Sci. U.S.A. 74, 5463 
(1977)). 

The deducted amino acid sequences of p53B and p53L were identical despite two silent nucleotide 
substitutions as indicated. p53E is a cDNA clone provided by E. Harlow, that has amino acid substitutions at 
positions 72 and 273 relative to p53l_ or p53B. The Arg/Pro 72 replacement represents a common amino acid 
45 polymorphism, without known functional significance. On the other hand, the substitution of His for Arg at 
position 273 is found exclusively in tumor cells and is considered to be a mutation. Like many other p53 
mutations, Arg v*-~> His lies within one of two regions required for binding to SV40 T antigen (hatched 
boxes). 

In FIG. 1B, the genomic organization of three p53 retroviruses are diagrammed. Vp53E-Neo was 
50 constructed by inserting a 1.5 kb Hind Ill-Sma I DNA fragment containing p53E into the plasmid pLRbRNL, 
replacing RB cDNA. A 1.35 kb p53B DNA obtained by RT-PCR was directly inserted into the pLRbRNL 
vector to form Vp53B-Neo. The insert in one done was entirely sequenced, as diagrammed in FIG. 1A. 
Vp53B-Hygro was constructed by insertion of a Hind III DNA fragment containing p53B and the RSV 
promoter into plasmid 477 (a MuLV-Hygro vector kindly provided by W. Hammerschmidt and B. Sugden). 
55 These constructs were then used to produce the corresponding viral stocks using conventional techniques. 
Some major restriction sites important for construction are indicated. H = Hind III, R = EcoR I, S = Sma I, 
B - Bam HI, C = Cla I. 

FIG. 2A is a chromatogram depicting Murine PA 12 cells (Lane ml), human WERI-Rb27 retinoblastoma 
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cells (Lane m2), and Vp53En-, Vp53BN-, or Vp53BH-producing PA 12 cells which were metabolically 
labelled with 35 -methionine. Cell ly sates were immunoprecipitated with anti-p53 antibody PAb421 utilizing 
conventional methods. Immunoprecipitates were separated by 8.5% SDS-polyacrylamide gel elec- 
trophoresis (SDS-PAGE), and autoradiographed. marker lanes ml and m2 show endogenous murine p53 

5 (Mp53) and both polymorphic forms of human p53 (Hp53). Human p53B (filled arrow) and p53E (open 
arrow) proteins in mouse cells are indicated. 

RG. 2B depicts half-life determination of human p53 in virus-producing lines by pulse-chase labeling 
experiments. PA12 cells expressing p53E (panel a) or p53B (panels b & c, representing two independent 
clones) were labelled with 0.25 mCi/ml 35 S-methionine for 60 minutes, and chased with a 1000-fold molar 

io excess of unlabeled methionine. At the indicated times, cells were harvested for immunoprecipitation of p53 
protein with PAb421 as described above. The half-life of p53B was 20-30 minutes whereas that of p53E was 
4-5 hours. Marker lanes ml and m2, and filled and open arrows, were as in FIG. 2A. 

RG. 3 is a chromatogram depicting expression of human p53 proteins in virus-infected Saos-2 cells. 
Saos-2 cells (lanes 1 and 7) were infected with Vp53E-Neo, Vp53B-Neo, or Vp53B-Hygro to generate 

is p53EN (lanes 2-6), p53BN (lanes 8-10), or p53BH (lanes 11 and 12) clones, respectively. Saos-2 cells were 
also doubly infected with Vp53E-Neo and Vp53B-Hygro to generate p53EN-BH clones (lanes 13-15). 
Randomly-selected clones, and WERI-Rb27 cells (lanes M), were labeled with ^S-methionine and im- 
munoprecipitated with PAb421 as described with regard to FIG. 2A p53B (filled arrows) and p53E (open 
arrows) are indicated. 

20 FIG. 4 depicts p53B/T complex formation in Saos-2 cells. Clones p53BN-1 (lanes 1 and 2), p53BH-1 
(lanes 3 and 4), p53EN-1-BH-1 (lanes 5 and 6), and p53EN-1-BH-2 (lanes 7 and 8) were transfected with 
plasmid pRSV40T by conventional methods, and 60 hours later, were metabolically labelled with 35 S- 
methionine. Cell lysates were immunoprecipitated with PAb421 (lanes M, 1, 3, 5 and 7) or with PAb419, a 
monoclonal antibody against SV40T antigen (lanes 2, 4, 6 and 8). PAb419 coprecipitated only p53B in cells 

25 expressing both p53B and p53E. 

RG. 5 is a photograph depicting morphology in culture of parental Saos-2 cells, and representative 
virus-infected clones at magnification I00x; In row A, exponentially growing cells were shown while in row 
B, cells at confluency are shown. 

FIGS. 6A and 6B are schematic representations of growth effects of p53 expression in Saos-2 cells. In 

30 FIG. 6a, the doubling times of parental Saos-2 cells and virus-infected clones in an exponential growth stage 
are shown. Equal numbers of each cell type were seeded into 60 mm culture dishes; cells of two dishes 
were trypsinized and counted at daily intervals for 4 days. Doubling times were derived from lines fitted to 
log cell numbers. FIG. 6B shows the saturation density of parental Saos-2 and En clones. Equal numbers (1 
x 10 s ) of cells were seeded into 60 mm culture dishes; cells of two dishes were trypsinized and counted at 

35 the times indicated. Plotted points were mean cell numbers from duplicate dishes. Saturation density of 
p53E-expressing cells was 4- to 5- fold greater than parental cells. 

FIG. 7 is a Southern blot of p53EN-BH cells which harbored one copy of Vp53E-Neo and one copy of 
Vp53B-Hygro. Genomic DNA (10ug) extracted from parental Saos-2 cells and the indicated clones was 
digested with EcoR I, and separated in 0.7% agarose gels. Southern transfer was performed, and nylon 

40 membranes were hybridized with ^P-labelled neo (panel A) or hygro (panel B) DNA probes, utilizing 
standard methods. A single junctional fragment is seen in each clone with each probe, indicating single 
integrated copies of each virus. 

Best Mode for Carrying Out the Invention 

46 

Tumor suppressor genes are defined as genes for which loss-of-function mutations are oncogenic. It is 
recognized that wild-type alleles of such genes may function to prevent or suppress oncogenesis. The 
retinoblastoma gene (RB) is the phototype of this class. Both alleles of this gene are invariably mutated in 
retinoblastoma cells, and RB mutations are also found in a subset of other human neoplasms including 

so osteosarcoma, soft-tissue sarcomas, and carcinomas of breast, lung, bladder and prostate. Introduction of a 
wild-type copy of RB into retinoblastoma cells suppressed their tumorigenic properties in nude mice, 
thereby providing direct evidence for tumor suppression by a single gene. In this regard, please refer to the 
copending patent application entitled "Products and Methods for Controlling the Suppression of the 
Neoplastic Phenotype," Serial No. 265,829, filed October 31, 1988. The wild-type RB gene was also 

55 introduced into human prostate carcinoma cells containing an endogenous, mutated RB protein (Science 
247, 712-715 (1990)). Expression of the exogenous gene again suppressed the tumorigenicity of these cells, 
implying that wild-type RB protein was phenotypically dominant to the mutated form. These results support 
a general model for the properties of tumor suppressor genes that has emerged from the "two-hit" 
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hypothesis of Knudson and the cell hybrid studies of Harris et al. (Proa Natl. Acad. Sci. USA 68, 820-823 
(1971)); Nature 223, 363-368 (1969)). The nucleotide sequence of the p53 gene is depicted in Table 3. 
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Table 4 

1/1 31/11 

met glu glu pro gin ser asp pro ser val glu pro pro leu ser gin glu thr phe ser 
5 61 / 21 91/31 

asp leu trp lys leu leu pro glu asn asn val leu ser pro leu pro ser gin a la met 
121 / 41 151 / 51 

asp asp leu met leu ser pro asp asp ile glu gin trp phe thr glu asp pro gly pro 
181 / 61 211 / 71 

10 asp glu ala pro arg met pro glu ala ala pro arg val ala pro ala pro ala ala pro 

241 / 81 271 / 91 

thr pro ala ala pro ala pro ala pro ser trp pro leu ser ser ser val pro ser gin 
301 / 101 331 / 111 
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75 3 61 / 121 391 / 131 

ser val thr cys thr tyr ser pro ala leu asn lys aet phe cys gin leu ala lys thr 
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601 / 201 631 / 211 
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721 / 241 751 / 251 

ser cys aet gly gly met asn arg arg pro ile leu thr ile ile thr leu glu asp ser 
30 781 / 261 831 / 271 

ser gly asn leu leu gly arg asn ser phe glu val arg val cys ala cys pro gly arg 

841 / 281 871 / 291 

asp arg arg thr glu glu glu asn leu arg lys lys gly glu pro his his glu leu pro 

901 / 301 931 / 311 

35 

pro gly ser thr lys arg ala leu pro asn asn thr ser ser ser pro gin pro lys lys 

961 / 321 991 / 331 

lys pro leu asp gly glu tyr phe thr leu gin ile arg gly arg glu arg phe glu net 

1021 / 341 1051 / 351 

40 phe arg glu leu asn glu ala leu glu leu lys asp ala gin ala gly lys glu pro gly 

1081 / 361 1111 / 371 

gly ser arg ala his ser ser his leu lys ser lys lys gly gin ser thr ser arg his 
1141 / 381 1171 / 391 

lys lys leu met phe lys thr glu gly pro asp ser asp OPA 

45 

p53 (Table 4) was originally identified as a mammalian cellular protein that binds to SV40T antigen, a 
property that is also shared by RB protein. Deletions or rearrangements of the murine or human gene 
encoding p53 were found in Friend virus-induced murine erythroleukemias, and in human osteosarcomas. 

so lung carcinomas, lymphomas and leukemias. On the other hand, many human breast, lung and colon 
carcinomas expressed high levels of aberrant p53 species with markedly prolonged half-lives due to certain 
point mutations in the p53 gene (Genes Devel. 4, 1-8 (1990)). These observations suggest that mutation of 
p53 contributes to human oncogenesis. p53 was originally considered to be an oncogene because it was 
known that it could transform primary rat embryo fibroblasts in concert with an activated ras gene. However, 

55 the observation of p53 deletions, and point mutations scattered over several exons, also suggested that p53 
might be a tumor suppressor gene, i.e., a gene that was inactivated by mutation. Indeed, Rnlay et al. and 
Eliyahu et al. (Cell 57. 1083-1093 (1989)) Proc. Natl. Acad. Sci U.SA 86, 8763-8767 (1989)) found that 
cotransfection oTTnurine wild-type p53 DNA could reduce the transformation efficiency of transfected 
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oncogenes in rat embryo fibroblasts, whereas mutated p53 DNA enhanced such transformation. The 
dominant transforming effect was presumed to be due to a "dominant negative" activity of mutated p53 
protein that somehow blocked the growth-restricting function of wild-type p53 protein in cells. This model 
suggested that the relative quantity of mutated to wild-type p53 could determine the transformed 

5 phenotype. but gene dosage could not be tightly controlled in these transfection studies. 

Because of such technical questions, as well as the possibility of species-specific differences in p53 
function and the uncertain relevance of transformed animal cells to human neoplasia, it was determined that 
the biological properties of p53 in the human system should be reassessed. It was recognized that an ideal 
host cell for these studies would allow the experimental manipulation of single copies of mutated or wild- 

w type p53 alleles. However, most cultured human cells contain endogenous and possibly mutated p53 alleles 
that are not accessible to external control. The human osteosarcoma cell line Saos-2 was therefore chosen 
because it has no endogenous p53 due to complete deletion of its gene. Recombinant retroviruses derived 
from Moloney murine leukemia virus (Mo-MuLV) were used to introduce mutated and/or wild-type p53 
under LTR promoter control. Cell clones isolated after infection and selection carried only a single 

is integrated provirus of each type, and multiple clones were analyzed to exclude positional effects. A 
comprehensive assessment of biological properties of these clones included morphology, growth rates and 
saturation density in culture, colony formation in soft agar, and tumorigenicity in nude mice. 

Preparation of mutated and wild-type p53 recombinant retroviruses . 

20 

As a reference standard for human wild-type p53, the genomic DNA sequence of Lamb and Crawford 
(Mol. Cell- Biol. 6, 1379-1385 (1986)) was used. Potentially wild-type p53 cDNA was isolated from fetal brain 
RNA by the method of RT-PCR, and was cloned into plasmid. In cloning of wild type p53 (p53B) cDNA 
about 5mg of fetal brain RNA were mixed with 1.5ug of oligo(dT) primer and 60 units of avian 

25 myeloblastosis virus reverse transcriptase in cDNA buffer (50 mM Tris-HCI, pH 8.0, 80mM KCI, 5mM 
MgCfe. 1mM each dATP, d6TP, dTTP, and dCTP). The reaction mixture was incubated for 90 min at 42 *C. 
After reaction, RNA was degraded with 0.5N NaOH, and single-stranded cDNA was precipitated with 
ethanol. PCR amplification was carried out with one-tenth of the cDNA, 100 ng of each oligonucleotide 
primer (S'-TGCAAGCTTTCCACGACGGTGACACGCT-^ and 5-AGTGCAGGCCAACTTGTTCAGTGGA-3 , ) > 

30 and 5 U of Taq polymerase in PCR buffer (50 mM KCI, 10 mM, Tris-HCI, pH 8.3, 1.5 mM MgCfe, and 0. 
001% gelatin) for 40 cycles in a programmable heat block (Ericomp, San Diego, CA). Each cycle included 
denaturation at 93* C for 1 minute, reannealing at 62* for 80 seconds, and primer extension at 72* C for 3 
minutes. PCR products were extracted with phenol and precipitated with ethanol. The precipitate was 
dissolved in H 2 0 and digested with restriction enzymes (Hind III and Sma 1). The p53 cDNA fragment was 

35 subcloned into virus vector to form Vp53B-Neo. Subcloned p53B was sequenced by using the dideoxy 
chain termination method (Proc. Natl. Acad. Sci. USA 74, 5463 (1977)). 

The insert in one clone (designated p53B) was entirely sequenced (-1300 bp) to reveal a wild-type 
deduced amino acid sequence despite two silent nucleotide replacements (FIG. 1A). Another p53 cDNA 
clone (p53E), isolated from an epidermoid carcinoma cell line A431, was also sequenced, and was found to 

40 contain a point mutation at codon 273 that replaced Arg with His (FIG. 1 A). This is a functionally significant 
mutation that has also been identified in p53 from two other tumor cell lines. In addition, a neutral sequence 
polymorphism in codon 72 (FIG. 1A) encoded either an Arg (p53B) or a Pro (p53E). This common amino 
acid polymorphism, which is without known functional significance, resulted in faster migration of p53B than 
p53E protein by SDS-PAGE, and was therefore exploited to distinguish between these proteins when they 

45 were coexpressed in the same cell. 

p53E and p53B were then inserted into a Mo-MuLV-based retroviral vector containing neo as a 
selectable marker gene to form Vp53E-Neo and Vp53B-Neo viral genomes, respectively (FIG. 1B). In 
addition, to facilitate double replacement, Vp53B-Hygro was made by inserting p53B into a similar vector 
containing the gene which is known to confer resistance to hygromycin. Stocks of Vp53E-Neo, Vp53B-Neo 

so and Vp53B-Hygro viruses were produced, utilizing conventional methods, with titers of about 1 x 10*, 2 x 
10*. and 1 x 10 5 , respectively. Expression of p53 proteins from the viruses was initially assessed in the 
murine NIH3T3^derived packaging line, PA12, that was used for virus production. Mutated and wild-type 
human p53 proteins were detected in their respective virus-producing cells, with the expected difference in 
migration by SDS-PAGE (FIG. 2A). Because spontaneous mutation of p53 may occur frequently in cultured 

55 cells, two additional biochemical properties of these p53 proteins were examined. These were their cellular 
half-lives, and their ability to bind to T antigen. p53B protein had a half-life of 20-30 minutes compared to 4 
to 5 hours for p53E protein (FIG. 2B), consistent with published reports on the half-lives of wild-type and 
mutated p53 proteins. When virus-producing cells were transfected with a plasmid expressing large 
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amounts of SV40T antigen, and lysates were immunoprecipitated with anti-p53 or anti-T antibodies, T 
antigen was coprecipitated with p53B but not p53E protein, indicating that only p53B protein coukl bind to 
T. These results together suggested that p53B-containing viruses expressed wild-type, and that p53E 
containing virus expressed mutated p53. 

5 

Expression of exogeneous p53 in osteosarcoma cells. 



Osteosarcoma cell line Saos-2, which contains no endogenous p53, because of deletion of its gene, 
provides a clean background for functional studies of p53. In previous experiments, Saos-2 cells infected 

io with parental viruses containing only neomycin- or hygromycin-resistance genes showed no changes in 
morphology and growth rate compared to uninfected cells, suggesting that drug selection did not have a 
significant influence on their neoplastic properties. Saos-2 cells infected with comparable titers of either 
Vp53E-Neo, Vp53B-Neo, or Vp53B-Hygro in the presence of the appropriate selective agent each yielded 
similar numbers of drug-resistant colonies. Most colonies could be individually propagated into mass 

75 cultures, with the notable observation that Vp53B-infected cells grew much more slowly than Vp53E- 
infected cells. Vp53E-infected clones uniformly expressed high levels of p53E protein (FIG. 3A). Of 30 
Vp53B-infected clones examined, about 80% expressed detectable p53B protein (FIG. 3B). Two each of 
Vp53E-Neo and Vp53B-Hygro clones were randomly selected for a second infection by the other virus, and 
double-infected clones were isolated and propagated as above. These clones coexpressed both p53E and 

20 p53B protein (FIG. 3C). To again verify that p53B protein in these cells was not secondarily mutated, p53B- 
expressing clones were transfected with the SV40 antigen plasmid, and lysates immunoprecipitated as 
described above (FIG. 4). Anti-p53 antibody coprecipitated T in each clone, but anti-T antibody coprecipitat- 
ed only p53B. even in cells expressing both p53B and p53E. The half-life of p53B in Saos-2 was also 
measured, and was similar to that of p53B in PA 12 cells. These data again support the notion that Vp53B- 

25 infected Saos-2 clones expressed wild-type p53. 

Mutated p53 conferred a limited growth advantage to Saos-2 cells in culture . 

Five randomly chosen clones that stably expressed p53E protein (p53EN-1 to 5) were compared to 
30 parental cells in terms of morphology (FIG. 5), growth rate (as doubling time, FIG. 6A), saturation density 
(FIG. 6B), soft-agar colony formation and tumorigenicity in nude mice were determined. In Tables 1 and 2, 
the results of soft-agar colony formation and tumorigenicity in nude mice, respectively are tabulated. 
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TABLE 1 

Soft-agar colony formation of 
p53 virus-infected Saos-2 cells 



Cell number seeded 

1,0x10 s 2.5X10 4 

io Virus-infected p53 expression 

cells Colony number 



75 



Parental 



392/388 104/76 



No 



20 



25 



35 



p53EN-l 
p53EU-2 
p53EN-3 
p53EN-4 
p53EN-5 

p53BN-l 
P53BN-2 
p53BN-3 
p53BN-4 

p53BN-R 

p53BH-l 
p53BH-2 
p53BH-3 

p53EN-l-BH-l 
p53EN-l-BH-2 
p53EN-l-BH-3 
p53EN-2-EH-l 
P53EN-2-3H-2 



928/968 396/372 Mutated 

517/593 121/105 Mutated 

485/534 96/123 Mutated 

445/498 106/121 Mutated 

582/441 132/172 Mutated 

<1/<1 <1/<1 Wild type 

<1/<1 <1/<1 Wild type 

<1/<1 <1/<1 Wild type 

<!/<! <1/<1 Wild type 

414/384 54/4 8 No 

<!/<! <1/<1 Wild type 

<1/<1 <1/<1 Wild type 

<1/<1 <1/<1 Wild type 

<1/<1 <!/<! Mutated/Wild type 

<1/<1 <1/<1 Mutated/Wild type 

<1/<1 <!/<! Mutated/Wild type 

<!/<! <1/<1 Mutated/Wild type 

<1/<1 <1/<1 Mutated/Wild type 
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TABLE 2 

Turaoricjenicity of p53 virus-infected Saos-2 cells 



No of mice with tiuaor 

10 Virus-infected p53 expression 

cells No of mice injected 



75 Parental 10/10 No 

p53EN 12/12 Mutated 

p53BN 0/5 Wild type 

p53BH 0/6 Wild type 

p53BN-R 3/3 No 

20 p53£N-BH 0/5 Kutated/Wild type 



A difference in morphology was observed only under conditions of cell crowding, where cells of EN 
25 clones were far smaller and more refractile than parental cells (FIG. 5B). Correlativeiy, saturation density of 
the former was 4- to 5-fold greater than that of parental cells (FIG. 6B). This relative growth advantage was 
seen despite similar doubling times as measured under sparse growth conditions (FIG. 6A). Four EN clones 
and parental cells shared similar efficiencies in soft-agar colony formation (Table 1) and tumorigenicity in 
nude mice (Table 2). One clone, p53EN-1 , had noticibly augmented abilities in both respects; in particular, it 
30 reliably formed large tumors from as few as 5 x 10 s injected cells. This discrepancy was considered to be 
within the range of clonal variability expected among tumor cells. In summary, these results suggested that 
mutated p53 functioned in the absence of wild-type p53 to confer a limited growth advantage (higher 
saturation density) to Saos-2 cells in culture. In many other aspects of the neoplastic phenotype, the 
presence of point-mutated p53 was essentially equivalent to complete absence of p53. 



35 



Wild-type p53 suppressed the neoplastic properties of Saos-2 cells. 



In comparison to parental Saos-2 cells, clones expressing p53B were invariably enlarged and flattened 
(FIG. 5), and had prolonged doubling times in culture of about 70 hours rather than 30-36 hours for parental 

40 or EN cells (FIG. 6A). Remarkably, the efficiency of soft-agar colony formation was reduced to less than the 
threshold for detecting a single colony, whereas parental cells and EN cells formed hundreds of colonies 
under the same conditions (Table 1). Injection of 1 x 10/ cells of each of seven p53B-expressing clones 
intom the flanks of nude mice resulted in the formation of no tumors after 8-10 weeks, even while the 
same number of parental or p53E-expressing cells formed tumors in all contralateral flanks (Table 2). These 

45 findings could not be explained by a peculiar effect of viral infection and selection because one clone, 
Vp53BN-R, derived from Vp53B-Neo-infected cells but lacking detectable expression of p53B, had a 
phenotype indistinguishable from parental cells (Tables 1 and 2). The -50% reduction of growth rate of 
cultured Saos-2 cells by p53B was insufficient to account for the complete loss of tumorigenicity and soft- 
agar colony formation, implying that wild-type p53 specifically suppressed the neoplastic phenotype of 

so these cells. These results suggested that loss of wild-type p53 was a significant event during the genesis of 
this tumor line, and, by extension, of other osteosarcomas, with mutated endogenous p53 genes. 

Wild-type p53 was dominant to mutated p53 in a two-allele configuration . 

55 Because both mutated and wild-type p53 proteins were apparently functional in Saos-2 cells, it was of 
interest to determine whether both activities could be simultaneously coexpressed, whether they cancelled 
out one another, or whether one activity was clearly dominant over the other. The configuration of one wild- 
type and one mutated allele was most relevant to natural human tumorigenests, because this is a necessary 
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intermediate step on the pathway toward complete loss of wild-type p53. Infection of two different p53E- 
expressing clones with Vp53B-Hygro yielded 22 hygromycin-resistant clones, of which 15 coexpressed both 
p53B and p53E. To determine the number of integrated copies of each virus present in these clones, 
genomic DNA of three clones derived from p53EN-l cells infected with Vp53B-Hygro was analyzed by 

s Southern blotting (FIG. 7). Hybridization with neo as a probe showed a single, common junctional fragment 
in all three clones, indicating the presence of a single integrated copy of Vp53E-Neo in p53EN-1 cells (FIG. 
7A). Hybridization with hygro showed a single, unique junctional fragment in each clone, indicating the 
presence of single, independently integrated copies of Vp53B-Hygro in p53EN-BH clones (FIG. 7B). Single 
integrations were expected, based on previous use of a related recombinant retrovirus all comparable titers. 

to These findings confirmed that p53EN-BH clones indeed contained one integrated copy of each virus, and 
that both exogenous p53 genes were expressed (FIG. 3). By criteria of morphology, growth rate, saturation 
density, soft-agar colony formation, and tumorigenicity in nude mice, double-replacement clones were 
indistinguishable from clones expressing only p53B (RGS. 5 and 6, Tables 1 and 2). Cells obtained by 
infecting in the other order, i.e., p53B-expressing cells infected with Vp53E-Neo, had the same phenotype. 

is Complete dominance of wild-type p53 activity was observed despite the -10-fold lower quantities of wild- 
type than mutated p53 in these cells (FIG. 3). These results indicate that p53 can contribute to 
tumorigenesis only after loss of both wild-type alleles. They also indicate that restoration of wild-type p53 in 
tumor cells may have a suppressive effect, even in the presence of mutated p53 alleles. 

20 Function of p53 as a tumor suppressor . 

Introduction of wilaMype p53 in human osteosarcoma cells lacking p53 expression clearly suppressed 
their neoplastic phenotype, indicating that p53 can function as a tumor suppressor gene in this system. 
Conversely, insertion of mutated p53 into these cells augmented one aspect of their growth in culture 

25 (saturation density), thereby showing that mutated p53 retains a limited function, albeit one that was 
overridden by wild-type p53. These results are broadly consistent with those of other investigators who have 
addressed the influence of wild-type murine p53 on oncogene-mediated transformation of primary rat 
embryo fibroblasts. In these studies, cotransfection of plasmid DNA containing the ^wild-type p53 gene 
markedly reduced the transformation efficiency of several activated oncogenes, either singly or in combina- 

30 tions such as ras + myc or ras + E1A. Mutated p53 did not have this suppressive effect, and instead 
modestly boosted transformation efficiency. Wild-type p53 was also effective in reducing transformation by 
mutated p53 in concert with other oncogenes, suggesting "dominance" of the wild-type suppression 
function. Colonies recovered after transfection with wild-type p53 DNA either failed to express exogenous 
p53, or expressed only mutated p53. 

35 Thus, it appeared that expression of exogenous, wild-type p53 was incompatible with formation of 
transformed colonies. These data suggested that wild-type murine p53 could function as a suppressor of 
transformed cells, although a nonspecific, toxic effect of wild-type p53 was not easily excluded. In contrast, 
in development of the present invention, transformed cells were utilized, and growing clones with altered 
phenotype that stably expressed oxogenous, wild-type p53 were obtained. These data in human cells, and 

40 the previous studies in mouse, together indicate that the tumor suppression function of p53 is a specific and 
fundamental property conserved across species boundaries. 

The nature of p53 mutation . 

45 It is known that murine p53 genes cloned from many cultured cell lines have point mutations that 
cluster in five conserved regions. This class of mutation was responsible for the initial impression that p53 
was a dominant oncogene, because such p53 DNA fragments or constructs were active in promoting 
transformation of rodent cells in a variety of assays. Furthermore, protein products of mutated p53 genes 
have common antigenic and biochemical characteristics that differ from wild-type p53 protein, including a 

so prolonged half-life that results in abnormally high cellular p53 protein levels. These features are quite 
reminiscent of other dominant oncogenes like myc and ras. On the other hand, gross deletions or 
rearrangements of the p53 gene, incompatible with expression of a gene product have been found in 
Friend-virus induced murine erythroleukemias, (Nature 314, 633-636 (1985)). Such mutations are considered 
to be characteristic of socalled tumor suppressor genes, and serve to inactivate their normal function. To 

55 explain how both kinds of mutation could impart the same oncogenic phenotype, it was proposed that wild- 
type p53 indeed functioned to suppress tumor formation, and that the many known point mutations of p53 
actually served to inactivate this function. To explain the dominant transforming activity of mutated p53 
genes in primary ceils, it was necessary to hypothesize that mutated p53 protein somehow inactivated 
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endogenous, wild-typo p53 protein. This "dominant negative" effect might occur by inhibitory interactions 
between mutated and wild-type proteins, (Nature, 329, 219-222 (1987)). Further interpretation of these 
studies was limited by the technical drawbacks of transfection, and by the uncertain role of endogenous p53 
in primary cells. 

5 In the human system, Vogelstein and colleagues have shown in elegant studies that deletions and point 
mutations of p53 can coexist in colorectal, lung or breast carcinomas. Loss of heterozygosity of polymor- 
phic markers in chromosome region 17p is seen frequently in these tumors, corresponding to the loss of 
one copy of the p53 gene (by deletion or mitotic nondisjunction). Tne remaining p53 allele is often affected 
by somatic point mutations in conserved regions. The end result is the loss of both wild-type p53 alleles 

10 from tumor cells. The same loss also occurs in human osteosarcomas and hepatocellular carcinomas by 
deletion of both p53 alleles. Complete loss of wild-type alleles is highly analogous to findings with the 
retinoblastoma gene, and support the idea that p53 is a tumor suppressor gene. However; Nigro et al., J. M. 
Nigro et al., Nature 342, 705-708 (1989), described one colorectal carcinoma coexpressing both mutated 
(Asp 281 — > Gly) and wild-type p53 alleles. The existence of this tumor was interpreted as favoring an 

is oncogenic activity of a single mutated p53 allele in the presence of wild-type p53; loss of the second, wild- 
type allele would contribute to progression of the tumor. 

In the present invention, it has been found that the phenotype of Saos-2 cells with single copies of wild- 
type and mutated p53 alleles was indistinguishable from cells expressing wild-type p53 alone, suggesting 
that wild-type p53 is dominant to mutated p53 in two-allele configuration. Given this result, other explana- 

20 tions for the discrepant colon carcinoma case may be considered: 1 ) an intermediate stage of p53 mutation 
was coincidental^ captured, and p53 had not yet contributed to the neoplastic properties of this tumor; and 
2) the "wild-type'* p53 allele in this tumor actually carried a functionally important mutation outside of the 
region sequenced (exons 5-9). On the other hand, it is possible that certain mutated p53 alleles behave 
differently than others, or that mutated p53 alleles function differently in other types of tumor cells than in 

25 our model Saos-2 system. These possibilities can be addressed by replicating experiments with other 
mutated p53 genes and other p53-negative cells. 

Confusion in previous studies about the interaction between wild-type and mutated p53 have clouded an 
essential question: is mutated p53 completely functionless, i.e., is it equivalent to its complete deletion, or 
does it retains some limited function? It is concluded that the latter case is more probable. A single copy of 

30 mutated p53 increased in saturation density of Saos-2 cells, and of course this effect could not be mediated 
by inactivation of endogenous p53. Similarly, Wolf et al., (Cell 38, 119-126 (1984)), introduced what was 
probably a mutated p53 gene into AB-MuLV-transformed murine cells that lacked endogenous p53 
expression, and found that their oncogenic potential was increased. Therefore, mutated p53 alleles may 
confer a growth advantage or a more malignant phenotype in vivo to tumor cells without wild-type p53. 

35 The findings that mutated p53 has a biological function, and that its function is recessive to that of wild- 
type p53, are inconsistent with the hypothesis of a dominant negative effect, at least as it applies in natural 
human tumorigenesis. The dominant transforming properties of mutated murine p53 alleles may be due to 
the high copy numbers of genes introduced by transfection, and the resulting massive overexpression of 
mutated p53. Under these circumstances, even its limited intrinsic activity may be sufficient to contribute to 

40 a transformed phenotype. 

Mechanisms of p53 function. 



The physiological or biochemical functions of p53 are now known with certainty. In nontransformed 
4$ cells, p53 synthesis and mRNA transcription increase dramatically during the transition from Go/Gi to S 
phase, indirectly suggesting a role in cell cycle regulation. Recent evidence also points to a possibly related 
activity in regulating DNA replication. Studies on suppression of the neoplastic phenotype may provide 
general parameters for understanding the normal function of p53. It is clear, for example, that p53 is not 
required for progression of the cell cycle, nor is its presence necessarily preventive of cell growth and 
so division. Therefore, it may participate in regulation of these basic cellular processes in response to external 
growth or differentiation signals. Wild-type and mutated p53 can differ by a single amino acid yet have 
opposing functions in the cell. Under conditions of equal gene dosage, wild-type p53 is able to override the 
influence of mutated p53 despite a 10-fold molar excess of the latter. These observations may be explained 
by competition of wild-type and mutated p53 for common cellular targets, for which wild-type p53 is much 
55 more avid. In this model, wild-type and mutated p53 would transmit opposite growth signals to these 
targets, with total absence of p53 perhaps an intermediate signal. Alternatively, mutated p63 may act in an 
independent pathway to promote selective features of the neoplastic phenotype. 
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Genetic mechanisms of p53 inactivation. 



The dominance of wild-type over mutated p53 in a two-allele configuration implies that both wild-type 
p53 alleles must be lost for an oncogenic effect In this respect, p53 conforms to a model of tumor 

s suppressor gene inactivation that can be understood in the case of the retinoblastoma gene. In this regard, 
reference may be made to pending applications Retinoblastoma Gene Cancer Suppressing and Regulator, 
Serial No. 108,748, filed October 15, 1987 and Suppression of the Neoplastic Phenotype, Serial No. 
265,829, filed October 31, 1988. Complete loss of the RB gene product is so far universal in re- 
tinoblastomas, and wild-type and mutated RB alleles have not been observed to coexist in tumor cells. 

io These findings suggest that RB contributes to oncogenesis only after its complete inactivation. On the other 
hand, many tumor cells have normal RB expression, and are neoplastic presumably because of mutations 
in other genes. In such RB + tumor cells, introduction of additional, exogenous RB may have little or no 
effect; for example, it has been found that RB+ U20S osteosarcoma cell lines with wild-type p53 alleles are 
not known to exist. The results obtained to date indicate that p53 has broad suppression activity in several 

75 types of human tumors. Thus, the suppression effect of exogenous RB or p53 may occur only in tumor 
cells with inactivated RB or p53 genes. These shared properties of RB and p53 reinforce the tumor 
suppressor gene concept, including the possible clinical utility of their replacement in appropriate tumor 
cells. 

20 Summary. 



Mutations of the gene encoding p53, a 53 kD cellular protein, are found frequently in human tumor 
cells, suggesting a crucial role for this gene in human oncogenesis. In order to model the stepwise mutation 
or loss of both p53 alleles during human oncogenesis, a human osteosarcoma cell line, Saos-2 was utilized 

25 that lacked endogenous p53 due to complete deletion of the gene. Single copies of exogenous p53 genes 
were then introduced by infecting cells with recombinant retroviruses containing either wild-type or point- 
mutated versions of the p53 cDNA sequence. It was found that 1) expression of wild-type p53 suppresses 
the neoplastic phenotype of Saos-2 cells; 2) expression of mutated p53 confers a limited growth advantage 
to ceils in the absence of wild-type p53; and 3) wild-type p53 is phenotypicaliy dominant to mutated p53 in 

30 a two-allele configuration. These results indicate that, as with the retinoblastoma gene, mutation of both 
alleles of the p53 gene is essential for its role in oncogenesis. 

White particular embodiments of the present invention have been disclosed, it is to be understood that 
various different modifications are possible and are contemplated within the true spirit and scope of the 
appended claims. There is no intention, therefore, of limitations to the exact abstract or disclosure herein 

35 presented. 

Claims 

1. A cloned cDNA for suppressing the neoplastic phenotype comprising: 
40 p53 and fragments, portions, derivatives and homologues thereof. 

2. A gene protein product having an amino acid sequence comprising: 
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3. A method of suppressing the neoplastic phenotype of a cell comprising: 

using a cloned p53 cDNA; and 

delivering said cloned p53 cDNA to the cell. 

50 

4. A method of suppressing the neoplastic phenotype of a celt comprising: 

using a p53 protein product; and 
delivering said protein product to the cell. 

55 5- A cDNA clone for suppressing the neoplastic phenotype comprising: 
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6l A clone of claim 1 having approximately 1300 base pairs. 

7. A cDNA clone and portions, fragments, derivatives and homologues thereof, expressing p53 polypep- 
tide. 
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